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Abstract: The Nottingham Prognostic Index (NPI), based on invasive tumor size, lymph node stage and histological 
tumor grade, is a reliable prognostic index used to predict patient survival in both large and small-sized breast cancers. 
The purpose of the study was to investigate whether pre-operative Color Doppler ultrasonography can be used as a 
prognostic tool for evaluating the degree of malignancy of breast cancer and hence it attempted to define the correlation 
of NPI and various other clinicopathological factors with Resistance Index (RI), a measure of pulsatility in 
neovascularization. RI within the breast tumor correlates significantly with the NPI in breast cancer (p-Value < 0.01). RI 
of peripheral normal breast tissue does not correlate with NPI and intratumoral RI. Patient’s age, size of tumor and 
hormonal status (ER/PR/HER-2/neu) has no statistically significant correlation with intratumoral RI whereas clinical 
stage, histological grade and lymph node score of breast cancer correlates significantly with intratumoral RI (p-Value < 
0.01). Therefore, Color Doppler ultrasonography with RI as the measuring index can be considered to be a good 
prognostic marker pre-operatively in determining the degree of malignancy, prognosis as well as the need for 
neoadjuvant chemotherapy in breast carcinoma and hence, in due course of time, can be expected to be a better non- 
invasive option than the existing conventional methods which are either costly or invasive or both. 
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Breast. 


INTRODUCTION: 

Breast cancer is the most common site-specific 
cancer in women and is the leading cause of death from 
cancer for women aged 20-59 years [1]. It accounts for 
26% of all newly diagnosed cancers in females and 1s 
responsible for 15% of the cancer-related deaths in 
women [1]. Presently, 75,000 new cases occur in Indian 
women every year [7]. Locally advanced breast cancer 
(LABC) constitutes more than 50 to 70% of the patients 
presenting for treatment [7]. 


There is a lot of data on prognostic and 
predictive factors for breast cancer. A prognostic factor 
is any measurement available at or before the time of 
surgery that correlates with disease-free or overall 
survival in the absence of systemic adjuvant therapy 
and, as a result, is able to correlate with the natural 
history of the disease. In contrast, a predictive factor is 
any measurement associated with response to a given 
therapy. Prognostic factors may select patients most 
likely to recur without adjuvant therapy and therefore 


potentially benefit from therapy and also selects those 
who are likely to be benefitted from neoadjuvant 
therapy. In addition, predictive factors may identify the 
appropriate therapy for an individual patient. There are 
three main reasons to justify their use. The first is to 
identify patients with good prognoses for whom 
adjuvant systemic therapy would not provide a large 
enough benefit to warrant the risks. The second is to 
identify patients whose prognoses are poor enough to 
justify a more aggressive adjuvant approach. And the 
third is to select patients whose tumors are more or less 
likely to benefit from different forms of therapy. 


A wide variety of morphology-based and 
molecular-based prognostic factors and tumor markers 
have been studied as to their potential to predict disease 
outcome in breast cancer. A partial list of prognostic 
factors commonly used and under consideration for use 
in the care of breast cancer patients is as follows: 

* Morphology based: Tumor type, Tumor size, 

Tumor grade (includes mitotic figure count), 
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Vascular invasion, Resection margin status, Extent 
of in-situ component, Tumor vessel density 
(requires immunostatin), Tumor neovascularisation 
(requires Doppler study) & Lymph node status. 

* Non-morphology based “molecular markers”: 
Estrogen & progesterone’ receptors, Cell 
proliferation index (immunostatins), S phase by 
flow or image cytometry, DNA ploidy by flow or 
image cytometry, Growth factors, Oncogenes 
(HER-2/neu, myc, ras), Tumor suppressor genes 
(p53), Proteases (cathepsin D), Cell cycle 
regulators (cyclins, cyclin-dependent kinases), 
Plasminogen system (PAI-1, uPAI). 


However, the International Consensus Panel of St. 
Gallen determined the standard prognostic factors of 
breast cancer as follows: lymph node status, tumor size, 
histological grade, estrogen/progesterone receptor status 
(ER/PR) and age [5]. The incidence of regional lymph 
node metastasis has important prognostic implications 
in primary operable breast cancer, as does the 
histological grade. 


The Nottingham Prognostic Index (NPI), which is 
based on invasive tumor size, lymph node stage and 
histological tumor grade, is a reliable prognostic index 
used to predict patient survival in both large and small- 
sized breast cancers [8, 10, 11]. But the NPI is 
determined based on the size and other parameters of 
the resected specimen. So the NPI of preoperative cases 
is difficult to determine. 


Some authors have reported that the information 
obtained by Color Doppler ultrasonography correlates 
well with surgical stage, tumor grade, tumor invasion 
and lymph node status in endometrial carcinoma. 
Recent studies have shown the utility of Color Doppler 
ultrasonography as a prognostic tool to determine the 
degree of malignancy of breast cancer based on 
neovascularization [8]. However, its usefulness for the 
assessment of high-risk breast cancer patients is still 
controversial. 


The purpose of the present study was to investigate 
whether pre-operative Color Doppler ultrasonography 
can be used as a prognostic tool for evaluating the 
degree of malignancy of breast cancer in individual 
patients. Therefore, this study attempted to define the 
correlation of NPI and various other clinicopathological 
factors with Resistance Index (RI) which is a measure 
of pulsatility in neovascularization. 


MATERIAL AND METHODS: 

This was an_ institution-based, prospective 
study conducted in Department of Surgery, Medical 
College, Kolkata, India from January 2011 to June 2012 
(18 months). Informed consent was taken from all the 
patients. The study got clearance from Institutional 
Ethical Committee. Sample size was 30. 


Inclusion Criteria: The following patients were included 
in the study population: 

a) All female patients with operable breast 
carcinoma who had not received neo- 
adjuvant chemotherapy and had attended 
General Surgery OPD or admitted in 
General Surgery ward of this institution 
during this tenure were included in this 
study. 


Exclusion Criteria: The following patients were 
excluded from the study population: 


a) Inoperable cases of advanced breast 
carcinoma. 

b) Patients who have already received 
neoadjuvant chemotherapy. 

C) Male patients with breast carcinoma. 


All operable cases of female breast carcinoma who 
had not received neoadjuvant chemotherapy were 
subjected to a detailed history using a_ structured 
questionnaire and examined clinically. Intratumoral 
blood flow pattern was determined pre-operatively by 
Color Doppler Ultrasonography. RI value from 
different parts of the tumor was evaluated and the 
lowest RI detected within the tumor was noted. The RI 
value of peripheral breast tissue (assumed to be normal) 
was also recorded. Baseline investigations of the 
patients were done which included Hemoglobin, TLC, 
DLC, ESR, platelet count, Na*/K*, random sugar, urea, 
creatinine, total protein/Albumin/Globulin, A:G ratio, 
ECG, chest X-ray. TNM (AJCC 7" Edition) staging was 
done according to clinical findings and available 
preoperative investigations followed by determination 
of stage. 


After the patients were anesthetically fit for 
surgery, modified radical mastectomy with axillary 
lymph node resection was done. Histopathological 
examination of the specimen was done to evaluate 
tumor size, histological grade (modified Scarff-Bloom- 
Richardson system) and lymph node score. All 
specimens were evaluated without the knowledge of 
clinical data. Hormone receptors (ER/PR) were also 
determined by immunohistochemistry method using 
rabbit monoclonal antibody (ER- clone SP1, PR- clone 
SP2, Labvision USA) _ from __ paraffin-embedded 
histopathology specimen. ER and PR positivity was 
defined as the presence of 10% or more positively 
stained nuclei in ten high-power fields. The intensity of 
HER-2/neu membrane staining was scored as 0, 1+, 2+ 
or 3+ (according to standardization of the particular 
laboratory concerned). Tumors with 2+ or 3+ scores 
were Classified as HER-2/neu positive whereas O or 1+ 
as negative. 


NPI was calculated as: NPI=0.2 x tumor size(cm) + 
grade (I-III) + lymph node score (1-3) 
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All statistical analyses were performed with 
SPSS® software version 17.0 for Windows (SPSS, SIZE OF BREAST TUMOR 
Chicago, IL, USA). The Pearson correlation test was 
used to examine association between all continuous 
variables and intratumoral Resistance Index whereas 
Spearman’s Rank Correlation test was applied to check 


association of all categorical variables with intratumoral @<2em 
Resistance Index. All bivariate analysis was @>2 buts Som 
appropriately done and p value < 0.01 was considered “> Sem 


significant. 





RESULTS: 
In this study, 30 female patients of breast 


cancer were studied. Chart 2: Pie Chart of distribution of Size of Breast 


Tumor. 
Descriptive Statistics: 
Axillary Nodal Status: 
Out of 30 patients, 22 had clinically apparent 
axillary lymphadenopathy (73.3%) among which 12 
patients showed less than 3 nodes positive for 
metastasis on HPE (lymph node score 2) whereas rest 
10 showed more than 3 nodes positive on HPE (lymph 
Table 1: Descriptive Statistics of Age. node score 3). Remaining 8 patients (26.7%) had no 
Age Groups | Frequency/Number of Percentage clinical axillary lymphadenopathy and also on HPE, 
cee they were either negative for metastasis or showed 


a P85 ee ey Sn ns eee reactive hyperplasia (lymph node score 1). 


> 35 but < 26. , 
5() Table 3: Descriptive Statistics of Lymph Node Score. 


Ee | 


Age: 

Mean age was 48.47 years with standard 
deviation (S.D.) 10.543 years. The range was from 32 
to 65 years. 





AGE DISTRIBUTION 


< 35 





LYMPH NODE SCORE 


> 35 but 
<50 





Chart 1: Pie Chart of Age Distribution. 


Size of Breast Tumor: 
Mean size was 4.52 cm _ with standard Chart 3: Pie Chart of Lymph Node Score. 


deviation 1.126 cm. the range was from 3 to 6 cm. 


Clinical Stage: 
Table 2: Descriptive Statistics of Size of Breast All the cases were clinically staged. 2 cases 
Tumor. were diagnosed as stage IA (6.7%), 12 cases as stage 


Size (cm) Frequency/Number of Percentage IIB (40%), 6 cases as stage HIA (20%) and 10 cases as 
cases stage IIIB (33.3%) whereas none of the cases were in 


stage 1A, IC and 


se 
[os | 6 | 2 
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Table 4: Descriptive Statistics of Clinical Stage. Table 5: Descriptive Statistics of Grade. 


Clinical Frequency/Number of Percentage 
wee cases 







HISTOLOGICAL GRADE 


CLINICAL STAGE 


Chart 5: Pie Chart showing distribution of 
Histological Grade of tumor. 





Hormonal Status: 
* Estrogen Receptor status: Out of 30 patients, 22 


Chart 4: Pie Chart showing distribution of Clinical were ER positive (73.3%) whereas 8 were ER 
Stage. negative (26.7%). 
* Progesterone Receptor status: Out of 30 patients, 
Histological Grade: 22 were PR positive (73.3%) whereas 8 were PR 
The histological grade of the _ resected negative (26.7%). 
specimen was’ determined by _histopathological * HER-2/neu Receptor status: Out of 30 patients, 
examination. Out of 30 patients, 12 had grade I tumor 14 were HER-2/neu positive (46.7%) whereas 16 
(40%), 6 had grade II tumor (20%) and 12 had grade III were HER-2/neu negative (53.3%). 
tumor (40%). 


Resistance Index (RI): 
* RI within the breast tumor: 


Table 6: Descriptive Statistics of RI within breast tumor. 


No. of Max. Range Mean Std. Error S.D. Variance 
cases 
—— 





| 0.59 | 0.91 | 032 | 0.7520 | 0.01699 | 0.09309 | 0.009 _—| 


* RI in peripheral normal breast tissue: 


Table 7: ise Statistics of RI in peripheral normal breast tissue. 


x. | Range | Mean | Std. Error SB: Variance 
®) 


Nottingham Prognostic Index (NPD: 





Table 8: Descriptive Statistics of NPI. 


Min. | Max. | Range | Mean | Std. Error S.D. Variance 
(N) 
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Correlation Studies: 
Correlation of intratumoral RI with respect to NPI: 


Table 9: Correlation of intratumoral RI with NPI. 


p-value 


Pearson Correlation 
Coefficient 





0.965 


0.95 
0.9 
0.85 
0.8 


Rl a 


0.75 @ 


0.7 - 


0.65 
0.6 


NPI 


@ Scatter Dot Graph 


Chart 6: Scatter Dot Graph showing Correlation of intratumoral RI & NPI. 


The regression analysis with scatter-dot graph 
shows a positive linear relationship between RI and NPI 
values with the p-value being < 0.01. Therefore, the 
correlation between the two is statistically significant. 


Correlation of RI in peripheral normal breast tissue 
with NPI: 


Table 10: Correlation of peripheral RI with NPI. 
p-value 


Pearson Correlation 
Coefficient 





0.063 0.743 


Therefore, the above table shows that there is 
no statistically significant correlation between the RI in 
the peripheral breast tissue and NPI. 


Correlation of intratumoral RI with respect to RI of 
peripheral normal breast tissue: 


normal vessels is more or less continuous with less 
resistance. But in the tumor mass, neovascularization 
occurs with abnormal pattern of blood vessels. These 
vessels exhibit resistance to flow. As the invasiveness 
of the breast tumor increases, the resistance to flow in 
such abnormal vessels also increases 1.e. the more is the 
invasiveness, the more resistant the vessel is. This is 
evident from the high values of RI within the tumor in 
cases of more invasive high grade tumors. 


Therefore, there is a strong positive correlation 
between RI within the tumor and NPI (p-value < 0.01). 


Correlation of RI with 
clinicopathological parameters: 


other parametric 


Table 12: Correlation of RI with Age & Size of 


tumor. 
Pearson 
Correlation 


Parameters 


Coefficient 
-0.264 0.159 
-0.033 0.864 


Correlation between these parametric variables 
was tested by using Pearson correlation. The Pearson 
correlation coefficient and p-value was calculated. The 
above table shows that RI does not correlate 
significantly with either age of the patient or size of the 
tumor. 


Table 11: Correlation of intratumoral RI with 
peripheral RI. 





p-value 


Pearson Correlation 
Coefficient 





0.000 1.000 


Thus, there is no_ statistically significant 
correlation between RI of tumor and that of peripheral 
normal breast tissue. 


From these correlation tests, it is obvious that 
RI in normal breast tissue does not vary significantly 


with invasiveness of tumor. The blood flow in such 


176 


Souvik Basak et al., SAS J. Surg., 2017; 3(6):172-179 


Correlation of RI with other non-parametric 
clinicopathological parameters: 


Table 13: Correlation of RI with Stage, ER, PR, 


error of mean was 0.01699 and the variance was 0.009. 
The mean peripheral RI was 0.6000 + 0.01438 (S.D.). 
The range was from 0.58 to 0.62. The standard error of 
mean was 0.00263 and the variance was 0.000. 


HER-2/neu, grade & LN Score. 


Spearman’s Rho Hormonal status was assessed. Estrogen 
0.665 < 001 receptor status showed that 22 patients (73.3%) were 
D 44 0 193 ER positive whereas 8 patients (26.7%) were ER 

0.035 08 55 negative. Progesterone receptor status showed that 22 


patients (73.3%) were PR positive whereas 8 patients 
(26.7%) were PR negative. HER-2/neu proto-oncogene 
status showed that 14 patients (46.7%) were HER-2/neu 
positive whereas 16 patients (53.3%) were HER-2/neu 


HER-2/neu -0.248 0.187 
0.794 
0.789 





Correlation between these non-parametric 
variables was tested by Spearman rank correlation. The 
Spearman rho and p-value were calculated. Therefore, 
from the above table it is evident that RI correlates well 
with clinical stage, histological grade and lymph node 
score (p-value < 0.01) but does not correlate 
significantly with the ER status, PR status and HER- 
2/neu status. 


DISCUSSION: 

In this study, 30 female patients suffering from 
breast cancer and fulfilling the selection criteria of this 
study, were examined. The mean age of the study 
population was 48.47 years + 10.543 (S.D.). The range 
was from 32 years to 65 years. Maximum no. of cases 
1.e. 18 cases (60%) were in the age group of > 50 years. 
Among rest of the 12 cases (40%), majority i.e. 8 cases 
(26.7%) were aged between 35 years to 49 years 
whereas only 4 (13.3%) were < 35 years old. It is quite 
alarming that the lack of awareness and early detection 
programs contribute to advanced presentation of the 
disease. 


The mean size of the breast tumor was 4.52 cm 
+ 1.126 (S.D.). The range was from 3 to 6 cm. The 
maximum no. of cases 1.e. 24 cases (80%) presented 
with a tumor size in the range > 2 cm but < 5 cm. 
Remaining 6 cases (20%) presented with a tumor > 5 
cm. None of the patients presented with a small lump < 
2 cm. This again shows lack of adequate awareness and 
motivation among females. They often neglect small 
breast masses and turn up only in later stages. 


All the cases were clinically staged. 2 cases 
were diagnosed as stage IA (6.7%), 12 cases as stage 
IIB (40%), 6 cases as stage IIA (20%) and 10 cases as 
stage IIIB (33.3%) whereas none of the cases were in 
stage IB, IITA, IIIC and IV. 


RI was calculated by Color Doppler 
ultrasonography of the breast tumor pre-operatively to 
detect abnormal blood flow pattern. The lowest RI 
within the tumor mass as well as the RI of the 
peripheral breast tissue (assumed to be normal) was 
noted. The mean intratumoral RI was 0.7520 + 0.09309 
(S.D.). The range was from 0.59 to 0.91. The standard 


negative. 


Following surgery i.e. modified radical 
mastectomy (MRM) with level II axillary clearance, the 
resected specimen was sent for histopathological 
examination (HPE). All tumors’ were — graded 
histologically as per Scarff-Bloom-Richardson (SBR) 
classification. Out of 30 patients, 12 had histological 
grade I tumor (40%), 6 had grade II tumor (20%) and 
12 had grade III tumor (40%). 


22 patients had clinically apparent axillary 
lymphadenopathy (73.3%) among which 12 patients 
showed less than 3 nodes positive for metastasis on 
HPE (lymph node score 2) whereas rest 10 showed 
more than 3 nodes positive on HPE (lymph node score 
3). Remaining 8 patients (26.7%) had no clinical 
axillary lymphadenopathy and also on HPE, they were 
either negative for metastasis or showed reactive 
hyperplasia (lymph node score 1). 


Nottingham Prognostic Index (NPI) was 
calculated from the tumor size, histological grade and 
lymph node score. The mean NPI was 5.208 + 1.3990 
(S.D.). The range was from 3.2 to 7. The standard error 
of mean 0.2554 was and the variance was 1.957. 


The regression analysis of intratumoral RI with 
NPI using scatter-dot graph showed a linear relationship 
between these two variables. Correlation test was 
applied to these parametric variables and the Pearson 
correlation coefficient of intratumoral RI with NPI was 
calculated to be 0.965 with p-Value < 0.01. Thus, there 
was Statistically significant correlation between 
intratumoral RI and NPI. 


Correlation test was also applied to RI of 
peripheral normal breast tissue and the Pearson 
correlation coefficient of peripheral RI with NPI was 
calculated to be 0.063 with p-Value 0.741. Thus, there 
exists no Statistically significant correlation between 
peripheral RI and NPI. Correlation test between 
intratumoral RI and RI of peripheral normal breast 
tissue revealed the Pearson correlation coefficient to be 
0.000 with p-Value 1.000. Thus, there exists no 
statistically significant correlation between intratumoral 
RI and peripheral RI. 
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From these correlation tests, it is obvious that 
RI in normal breast tissue does not vary significantly 
with the occurrence or invasiveness of tumor. The 
blood flow in such normal vessels is more or less 
continuous with less resistance. But in the tumor mass, 
neovascularization occurs with abnormal pattern of 
blood vessels. These vessels exhibit resistance to flow. 
As the invasiveness of the breast tumor increases, the 
resistance to flow in such abnormal vessels also 
increases i.e. the more is the invasiveness, the more 
resistant the vessel is. This is evident from the 
statistically significant positive correlation between RI 
within the tumor and NPI. 


Similarly, Pearson correlation test was applied 
to other parametric variables. The Pearson correlation 
coefficient of intratumoral RI with age was found to be 
-0.264 (p-Value < 0.159) which indicated that 
intratumoral RI did not correlate significantly with age. 
Also the Pearson correlation coefficient of intratumoral 
RI with tumor size was found to be -0.033 (p-Value < 
0.864). Thus intratumoral RI did not correlate 
significantly with tumor size. 


Other non-parametric variables were also 
correlated with intratumoral RI using Spearman Rank 
correlation. The Spearman’s rho for ER, PR and HER- 
2/neu were calculated as -0.244 (p-Value 0.193), -0.035 
(p-Value 0.855) and -0.248 (p-Value 0.187) 
respectively. Therefore, intratumoral RI did _ not 
correlate with hormonal status significantly. 


On the other hand, Spearman’s rho for clinical 
stage, histological grade and lymph node score were 
found to be 0.665 (p-Value < 0.01), 0.794 (p-Value < 
0.01) and 0.789 (p-Value < 0.01) respectively. 
Therefore, there was statistically significant correlation 
between intratumoral RI and parameters like clinical 
stage, histological grade and lymph node score. 


There exists a positive correlation between 
intratumoral RI and NPI. The higher the NPI score, the 
higher is the value of RI, indicating _ that 
neovascularization occurs in breast cancer with 
increased flow resistance as per the degree of 
invasiveness. Also intratumoral RI correlates well with 
clinical stage, histological grade and lymph node score. 
Hence, Color Doppler ultrasonography (using 
intratumoral RI as the measuring index) can be 
considered as a potential good prognostic factor to 
determine the degree of invasiveness in_ breast 
carcinoma, although further investigation is necessary. 


CONCLUSION: 

Resistance Index (RI) within the breast tumor 
is found to correlate well with the Nottingham 
Prognostic Index (NPI) in breast cancer. The higher the 
NPI score, the higher was the RI value in breast cancer 
patients. Resistance Index (RI) of peripheral normal 
breast tissue does not correlate with NPI. This proves 


that blood flow in normal tissue is more or less 
continuous and does not vary significantly with 
invasiveness of tumor. Also intratumoral RI and 
peripheral RI does not have any significant correlation 
between them. Thus it is concluded that blood flow in 
normal breast tissue does not change significantly with 
the occurrence or invasiveness of the tumor. 


Patient’s age has no statistically significant 
relation with intratumoral RI. Size of the tumor also 
does not correlate with intratumoral RI significantly. 
Hormonal status i.e. ER, PR and HER-2/neu do not 
show any statistically significant correlation with 
intratumoral RI. Clinical stage of breast cancer, on the 
other hand, correlates quite well with intratumoral RI. 
Intratumoral RI shows a positive correlation with 
histological grade of tumor. Intratumoral RI also 
correlates significantly with lymph node score. 


Therefore, Color Doppler ultrasonography 
with RI as the measuring index can be considered to be 
a good prognostic marker  pre-operatively in 
determining the degree of malignancy, prognosis as 
well as the need for neoadjuvant chemotherapy in breast 
carcinoma and hence, in due course of time, can be 
expected to be a better non-invasive option than the 
existing conventional methods which are either costly 
or invasive or both. 
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